Summary. An . Of the 586 ova tested with spermatozoa from the infertile subjects only 11 (1\m=.\9%) showed any evidence of penetration (range of individual penetration rates 0\p=n-\8\m=.\7%) and binding to the vitelline membrane was poor (0 or <5 spermatozoa/ ovum). Spermatozoa from a further 9 infertile men who had abnormal spermiograms also gave poor penetration rates (4/300 ova, 1\m=.\3%). It is concluded that this bioassay has a useful role as an additional test to the classic spermiogram, but that its routine use is best reserved for selected cases of unexplained infertility.
Introduction
The initial investigation of a male partner in an infertile marriage involves assessment of his semen. Unfortunately, the use of spermiograms to assess the potential of a male to fertilize a female is complicated by many factors. For example, the results obtained are dependent upon the frequency of ejaculation, the general health of the subject and age of the sample at the time of analysis. In addition, there is considerable inter-man variation in the results obtained under well-defined conditions. Notwithstanding these limitations, there have been reports in which an attempt has been made to relate fertility to the parameters of sperm density (Van Zyl, Menkveld, Retif & Niekerk, 1976) , progressive motility (Eliasson, 1976) and the percentage of morphologically normal spermatozoa. The main conclusion from these studies is that azoospermia is the only reliable index of infertility from a spermiogram. Although this condition is easily recognized, it is the exception, and changes in semen quality during therapy are difficult to interpret with existing methods. To date, the only dynamic test with a high correlation in relation to fertility is the mucus penetration test according to the method of Kremer (Ulstein & Fjallbrant, 1976) , but this procedure requires a regular supply of mid-cycle cervical mucus and is still not an index of the fertilizing capacity of a semen sample.
The fertilization of human oocytes in vitro has proved technically possible (Steptoe & (Hanada & Chang, 1972) . Human spermatozoa are capable of penetrating zona-free hamster oocytes after an in-vitro incubation probably associated with capacitation (Yanagimachi, Yanagimachi & Rogers, 1976) , and a relationship may occur between this in-vitro penetration and infertility (Barros, Gonzalez, Herrera & Bustos-Obregon, 1978 
Results

Collection ofoocytes
Only those oocytes with a visible first polar body were used in these studies because penetration rates differ in oocytes at meiotic stages before metaphase 2 (Iwamatsu & Chang, 1972) . Ova can be collected from the oviducts after induction of superovulation, or from culture in vitro of immature oocytes recovered from antral follicles. However, the combination of poor recovery of viable oocytes and the low rate of polar body formation after culture in BWW exclude this method for routine use (see Table 1 ). After induction of superovulation high yields of ova with visible polar bodies were obtained from immature and adult animals (about 40/animal).
When the penetration rates of 5 different semen samples were compared using ova from immature and adult animals induced to superovulate there was no statistically significant difference between the results. Therefore for all further experiments immature animals were used. When 5 different volumes (0-1,0-3, 0-5, 0-7 and 1-0 ml) from each of 6 semen samples were prepared the overall geometric mean recovery of spermatozoa was 68-4% (limits of 1 standard deviation 52-6-89-0%). The correlation coefficient between the volume taken and percentage recovery was poor (r = 0-66; = 30), and recoveries were lowest when only 0-1 ml semen was taken. However, if at least 0-3 ml was used for the preparation then recoveries were generally >50% and independent of volume or count taken (r = 0-44; = 25). Therefore for all further evaluations 0-5 ml semen was used.
When 40 other samples (range of counts 5-0-215-5 106/ml: geometric mean 26-9 lOVml) were evaluated there was a good correlation between the initial and the recovered count (r = 0-92) and the geometric mean recovery was 52-7% (range 15-8-100%). Furthermore, there was no significant difference between the motility of spermatozoa in samples before or after concentration although the mean difference was reduced by 13-6% after preparation (geometric mean recovery of motile spermatozoa 39-5% with a range of 4-6-135%).
Active dilution (layering). Since it was practicable, 0-5 ml semen was taken for these studies. Preliminary experiments demonstrated that spermatozoa left for 18 h in aspirated medium became immotile and two washes with 5 ml BWW were necessary to retain motility.
When 32 samples (range of counts 10-0-158-0 IO6/ml; range of motility 10-75%) were individually layered the geometric mean percentage recovery was 13-8%. There was no relationship between the original motility of the sample and the percentage recovery (r = 0-28) but the motility of the recovered spermatozoa was always in excess of 90%. Furthermore, there was no relationship between the number of motile spermatozoa taken for layering and the recovered count, if it was assumed to be 100% motile (r = 0-47).
Recovery of motile spermatozoa from semen samples with low counts (<10 106/ml), and/or <20% motility (i.e. Group 3 subjects) was generally poor, even after concentration by centrifugation, so for these samples centrifugation and resuspension was used. However, spermatozoa from men in Groups 1 and 2 and all other samples for further experiments were prepared by layering.
Conditions forpreincubation. The data for each subject in Groups 1, 2 and 3 are given in Table 5 . There was no significant difference between the various parameters of the spermiogram from men in Groups 1 and 2 and the test densities of the preincubated spermatozoa were also similar. Ova inseminated with spermatozoa from men in Group 1 consistently had more than 5 non-motile spermatozoa attached to their vitelline membrane, but this phenomenon only occurred in 4 subjects from Group 2. Apart from one subject, for whom no spermatozoa were seen attached to ova, the other 10 subjects in Group 2 had poor binding of spermatozoa to the vitelline membrane (i.e. 1-5/ovum). Spermatozoa from men in Group 3 consistently had poor binding ability (i.e. none or 1-5 spermatozoa/ovum). After preincubation of spermatozoa from men in Groups 1 and 2, motilities were usually in excess of 80%. However, 4 subjects in Group 3 had samples with <5% motile spermatozoa. Each of these patients had zero binding and penetration rates. Three other men in this group also had zero penetration of ova but their post-incubation motilities were better (10-30%). In the 2 other subjects, for which the post-incubation motility was reasonable (60 and 50%), some positive penetration was achieved (7-4 and 6-5% respectively).
Eight of the samples of spermatozoa from subjects in Group 2 also failed to penetrate ova, but the other 7 subjects showed penetration rates ranging between 1-4 and 8-7%. However, in Group 1 penetration rates ranged between 23-5 and 88-9% with a geometric mean value of 57-6%. The number of swollen sperm heads or male pronuclei (still with attached tails) per ovum rarely exceeded 5 and was more commonly 1-3. Occasionally penetration was observed in the extruded second polar body.
When the data from all 39 subjects were combined there was no correlation between the percentage of penetrated ova and the original sperm density, motility or morphology. Of the 476 ova inseminated with spermatozoa from fertile men, 284 were penetrated (59-7%) while spermatozoa from the infertile subjects gave a penetration rate of 1-9% (11/586 for Group 2) and 1-3% (4/300 for Group 3) respectively.
Discussion
For a spermatozoon to fertilize an ovum it must first traverse the cervical mucus, remain viable while transported in the female tract, and finally penetrate the ovum vestments (cumulus oophorus and zona pellucida) before incorporation into the ooplasm. Clinically the first of these barriers can be examined using a post-coital test (Jaszczak & Hafez, 1976) or in-vitro tests of sperm penetration in human (Ulstein & Fjallbrant, 1976) or bovine cervical mucus (Gaddum-Rosse, Blandau & Lee, 1980). f No. of ova penetrated per total no. of ova tested (%).
The penetration of cumulus cells and the zona pellucida can only be tested using human material and this is not likely to be routinely possible with freshly ovulated ova. However, Overstreet & Hembree (1976) have successfully used immature human oocytes collected from follicles of cadavers, and shown a relationship between the ability of spermatozoa to penetrate the zona pellucida and the subjects' fertility. This in-vitro assay has also been examined in conjunction with a zona-free hamster ovum penetration test (Overstreet et ai, 1980) , thus permitting evaluation of most stages of sperm-ovum interaction. The preparation of spermatozoa for this test also examines the ability of the spermatozoa to remain viable with time and undergo the changes associated with capacitation that normally occur in the female tract.
The major practical problem of establishing a heterologous gamete penetration test for routine clinical use is of timing the collection of ova to coincide with the preparation of spermatozoa. This led to our use of immature animals because they could be induced to superovulate without reference to the stage of the oestrous cycle and the penetration rate by human spermatozoa was similar to ova from adult animals. The acquirement of mature ova by spontaneous in-vitro maturation of dictyate oocytes from antral follicles was not feasible because recovery of usable oocytes was low. Media other than BWW can be used, e.g. Haidri & Gwatkin (1973) obtained >90% polar body formation with a different chemically defined medium (see Table 1 ), but the number of ova per animal does not match recovery after induction of superovulation.
Delivery of semen samples provides the second controlling factor. Human spermatozoa are capable of penetrating human ova or denuded zona-free hamster ova after 4-8 h incubation (see review by Rogers, 1978) . If samples are delivered at 09:00 h (the time preferred by the majority of patients requested to supply semen for analysis), penetrated ova are not scored until later that evening. The method recommended by Rogers (1978) (Table 3) . Furthermore, the incidence of specific agglutination between spermatozoa increases substan¬ tially, suggesting changes in the sperm head surfaces. The viable life of spermatozoa in vivo is not known precisely but Hafez (1978) quotes approximately 25 h which corresponds with our results.
A way around the problem of providing a sample when ova are available is to freeze the semen in liquid nitrogen until appropriate, although there are as yet no reports in the literature regarding changes in penetration rates of spermatozoa before and after freezing. The corollary of this is to freeze and store the ova or use salt-stored eggs (Yanagimachi et ai, 1979 (Kanwar, Yanagimachi & Lopata, 1979) or if sperm densities are too high (Rogers, 1978 (Hafez, 1978 
